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The comparison of tropical birds having small 
clutches and long lifespans with temperate birds hav- 
ing large clutches and short lifespans is one of the 
cornerstones of theories dealing with avian repro- 
ductive strategies (Cody 1966, 1971, Stearns 1976, 
Ricklefs 1983, 1992, Murray 1985, Skutch 1985, God- 
fray et al. 1991). Karr et al. (1990) described the limited 
data supporting the assumption of long tropical li- 
fespans and provided data for one sample of tropical 
birds--25 species from Panama--that did not show 
greater survivorship than a sample of temperate spe- 
cies (10 from Maryland). Their paper provides one of 
the first comparisons of long-term data from sets of 
species from two regions with survival rate estimates 
computed using capture-recapture models developed 
in recent years to permit inferences unconfounded 
by sampling probabilities (Pollock et al. 1990). 

To better understand whether regional differences 

in avian survival rates occur, more mark-recapture 
data are needed for analysis using the above models. 
Here, we offer a long-term data set on the survivor- 
ship of 12 species of Puerto Rican birds computed 
with the models used by Karr et al. (1990). We com- 
pare these data and other known demographic traits 
of resident Puerto Rican species living in a dry-forest 
community with those of Karr et al. (1990) for Panama 
and Maryland, and suggest how the Puerto Rico data 
comply with common assumptions about tropical 
birds. We recognize that only with the accumulation 
of many such data sets from all areas can one confi- 
dently generalize about the demographic traits upon 
which so many evolutionary models rest. 

Study area and methods.--Our studies were done 
within the Guanica State Forest in southwestern Puer- 

to Rico. This 4,000-ha tract of subtropical deciduous 
forest has been protected by the Commonwealth of 
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Puerto Rico for 60 years and is designated a World 
Biosphere Reserve. About one-half of the forest is in 
a relatively natural state, while the other half is in 
various stages of regeneration. Our long-term study 
site was near the center of the forest in an undisturbed 

area (for a full description and photographs, see Ter- 
borgh and Faaborg 1973). This very seasonal envi- 
ronment receives an average annual rainfall of about 
35 cm with a pronounced December-April dry sea- 
son. Two severe droughts occurred during our sam- 
pling period; total populations dropped to about one- 
third their peak levels in association with these 
droughts (Faaborg et al. 1984, Faaborg and Arendt 
1992). 

We sampled bird populations using mist nets placed 
end-to-end in a straight line through forest vegeta- 
tion. The data analyzed here come from a 16-net line 
that had been operated at least once a year (but no 
more than twice) for the period 1973-1990 except for 
1977 and 1979. Nets were operated from dawn to dusk 
for three consecutive days in early January or early 
February, with occasional additional samples in June 
or October. All birds captured were banded (or the 
band number recorded if the bird had been previ- 
ously banded), weighed, measured, and released. 

Estimates of survival rates were made from capture- 
recapture models using the program JOLLY as de- 
scribed by Pollock et al. (1990). This program contains 
analyses for as many as four models with varying 
assumptions about rates and characteristics of mor- 
tality, immigration/emigration, and capture proba- 
bility. For most species, model D was the best esti- 
mator, as it was for the data analyzed by Karr et al. 
(1990). Both survival rate and capture probability are 
assumed constant per unit time in model D. Model 
A was the best fit for two species; this is the standard 
Jolly-Seber model permitting time-specific capture 
probability and survival probability (Jolly 1965, Seber 
1965). 

Although 24 species of resident Puerto Rican birds 
were banded over the 18-year period of study, only 
9 species had samples large enough to compute es- 
timates of survival rate. The others were either cap- 
tured infrequently or rarely showed recaptures in the 
study site. Three additional winter-resident species 
(birds that breed in North America, but spend up to 
eight months in Puerto Rico) were recaptured fre- 
quently enough to use with the models. 

Results.--Average survival rates were estimated for 
nine resident Puerto Rican species and three winter 
resident species (Table 1). The average survival rate 
estimate for the resident species (œ = 0.68 + SE of 
0.04) is significantly different from that shown by 
Karr et al. (1990) for birds of Panama (œ = 0.56 + 0.02; 
t = 2.943, df = 32, P < 0.005) and Maryland (œ = 0.54 
+ 0.03; t = 2.968, df = 17, P < 0.005; Fig. 1). Three 
Puerto Rican species have survival-rate estimates 
greater than any of the 25 Panamanian species, and 
only 2 Puerto Rican species have survival rate esti- 
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Fig. 1. Distribution of survival-rate estimates for 
Puerto Rican resident birds (our data) compared to 
similar estimates for species from Panama and Mary- 
land (data from Karr et al. 1990). The mean estimated 
survival rate for each location's population shown by 
arrow. 

mates as low as the average for the species in the 
Panama and Maryland data sets. The three winter- 
resident species had an average annual survival rate 
of 0.54 (Table 1), which is almost exactly the same as 
the average annual survival-rate values suggested by 
Karr et al. (1990) for temperate residents and Nichols 
et al. (1981) for estimates calculated for the same or 
similar migratory species on their breeding grounds. 

Model D provided the best estimator for all but two 
of the resident species and all of the winter residents 
(Table 1). The two species for which model A was the 
best fit also had the lowest survival-rate estimates. 

One of these, the Bananaquit, was the most abundant 
species prior to the severe drought of 1973-1977, with 
as many as 53 captures per three-day netting period. 
Because model A computes annual estimates of sur- 
vival rate between sampling periods, we can compare 
survival-rate estimates during the drought with those 
of more typical periods. These annual estimates of 
survival rate averaged 0.37 during the first five sam- 
pies, when drought conditions were most pro- 
nounced, but they averaged 0.77 during the last five 
years (1985-1990), a more favorable period climati- 
cally. The Adelaide's Warbler also fits model A, but 
it was always captured at a low frequency, and there 
were few enough captures during the drought period 
that the model could make no annual estimates in 

some years. 

Discussion.--Average survival-rate estimates for the 
nine Puerto Rican resident birds analyzed here are 
greater than those computed by similar methods for 
species from Maryland and Panama (Karr et al. 1990). 
A recent study in Puerto Rico also computed an av- 
erage annual survival rate for the Zenaida Dove (Ze- 
naida aurita) of 0.84 + 0.06 using model A (Milan 
Rivera unpubl. data). A comparison of these 10 resi- 
dent species of Puerto Rico and 10 species from Mary- 
land (Karr et al. 1990) fits the widely held assumption 
of higher survival rates in tropical birds than tem- 
perate species. The higher survival rates of Puerto 
Rican than Panamanian bird species is more para- 
doxical, particularly given that we are comparing a 
very seasonal location (Guanica, Puerto Rico) with 
forests that are more mildly seasonal (lowland Pan- 
ama; see Leigh et al. 1982). General theory would 
predict the opposite pattern of survival. 

Are there characteristics of the Puerto Rican species 
sampled in this study that might explain this dis- 
crepancy? Two of the Puerto Rican species (the Pearly- 
eyed Thrasher at 100 g, and Red-legged Thrush at 75 
g) are larger in size than any of the Panamanian spe- 
cies sampled; large species tend to be abundant in 
island communities (Terborgh et al. 1978, Faaborg 
1985) and, typically, are assumed to have higher sur- 
vival rates than smaller species. Yet, deleting these 
from Figure 1 still leaves the remaining Puerto Rican 
species clustered at the high end of the range of values 
for Panamanian species. These remaining species tend 
to be relatively small (5-32 g), but otherwise are ty?- 
ical of the land-bird fauna of the West Indies. In- 

cluded are such common genera as Dendroica, Vireo, 
Elaenia, Loxigilla, Myiarchus, and Coereba. 

If these high survival-rate estimates are accurate, 
commonly held ideas about reproductive strategies 
suggest that Puerto Rican birds should have relatively 
small clutches. Yet, the average clutch size of the nine 
resident species is three eggs (Bond 1985), with a 
range of two to five. This compares to the two- or 
three-egg clutches laid by the Panamanian species 
and three- to six-egg clutches of the Maryland species 
(Karr et al. 1990). 

Although the general relationship between surviv- 
al rates and clutch size has been proposed for a long 
time, a variety of other mechanisms affecting the evo- 
lution of clutch size has also been presented (for re- 
view, see Godfray et al. 1991). Factors such as length 
of breeding season, nest-predation rates, and season- 
ality of food supply may affect the evolution of clutch 
size, but seldom in easily discernable ways. 

For example, most Guanica birds appear to have a 
fairly limited breeding season (Wetmore 1916, Bond 
1943), as they will not initiate nesting until after rains 
end the dry season in April or May (pers. obs.). Res- 
idents appear to stop breeding in July or early August, 
although rainfall levels actually increase in August 
and September. It is not known whether this cessation 
of breeding reflects the effects of competition with 
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winter residents, which appear in large numbers in 
September and October, or the fact that young pro- 
duced so late in the breeding season may have little 
chance of surviving the dry season (for discussion, 
see Faaborg et al. 1984). It does suggest that Puerto 
Rican residents have little chance for intraseason bet- 

hedging strategies, which have been suggested as al- 
lowing tropical species to lay several small clutches 
through the breeding season, rather than risking large 
amounts of energy on a single, large clutch (Moreau 
1944, Foster 1974, 1975). Rather, Puerto Rican dry- 
forest species have breeding seasons not unlike those 
of temperate species in length, with limited numbers 
of chances to successfully produce a clutch. 

Although the seasonal environment may limit the 
breeding season at Guanica, it probably also provides 
abundant food for breeding birds as the forest be- 
comes green following the first rains that end the dry 
season (Janzen 1973). Such a burst of production might 
be found in Maryland, but may be less pronounced 
in Panama. Such seasonality of resource abundance 
would match Ashmole's hypothesis (Ashmole 1963, 
Ricklefs 1980), which suggests that clutch size is a 
function of differences between resource availability 
during the breeding and nonbreeding seasons. In this 
case, the burst of productivity at Guanica that follows 
the rains would allow parents to feed a large dutch 
more easily than in Panama, where such a large burst 
may not occur. Ricklefs (1980) also has suggested that 
the departure of the great densities of wintering birds 
in the Greater Antilles may allow residents there to 
lay larger clutches through competitive release. Less- 
er Antille•n species, which do not have to deal with 
high densities of winter residents, lay smaller dutch- 
es than Greater Antillean residents, but they also have 
longer breeding seasons (Bond 1985). 

Predation also has been judged to be important to 
the evolution of clutch size (Martin 1987). Few species 
of nest predators live at Guanica, and these are gen- 
erally uncommon, presumably reducing the risk fac- 
tor associated with nesting there compared to Panama 
(although recent work on the Puerto Rican Vireo 
shows high losses of nests to predators in Guanica 
[Woodworth pets. comm.]). 

Using standard ideas in life-history trade-offs, both 
the lack of nest predators and the seasonally variable 
food supply found in the Guanica Forest would favor 
larger clutches than in an area with greater predation 
and a seasonally more uniform food supply. The lim- 
ited breeding season relative to other tropical loca- 
tions might also favor larger clutches. The apparently 
high survival rates of Guanica birds suggest that clutch 
sizes equivalent to those of Maryland are not needed 
to simply replace mortality. At some point, natural 
selection on offspring quality should work to limit 
clutch size if local populations become saturated, par- 
ticularly if reduced clutch size increases an offspring's 
chances of making it through its first dry season. 

A cursory comparison of avian demography in 

Puerto Rico and Panama suggests that a simple trade- 
off between high survival rates and small clutch size 
may not be at work in the tropics in general. If the 
Panama data reflect the general situation in the trop- 
ics, it appears that Panamanian birds must compen- 
sate for their relatively high mortality rates in small 
increments, either because they balance high nest 
predation with repeated nesting attempts during their 
extended potential breeding season, or because high 
fledgling survival puts a premium on producing few- 
er, high-quality young. This contrasts with the long 
survival times plus large dutches of Puerto Rican 
residents. Karr et al. (1990) noted that most examples 
of long-lived birds come from islands; is it possible 
that there is something distinctively different about 
island populations that we do not yet understand? 
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